Summary Genetic variations in two accessions of S. fruticosa (41117 and 41117A) was carried out employing random amplified polymorphic DNA (RAPD) and sequence-tagged-sites (STS) markers to establish the accession closely resembles to the mapping population developed using one of these as a anthracnose susceptible parent along with S. scabra cv Seca as resistant source. Sixty-four RAPD and 15 STS primers generated 469 and 59 fragments respectively. Of these, 90 (19.2%) RAPD and 6 (10.2%) STS fragments showed polymorphism between two accessions of S. fruticosa. When same primers sets were used with F 2 progeny, the segregated RAPD fragments showed patterns belonging to S. scabra cv SecaϫS. fruticosa 41117A rather S. scabra cv SecaϫS. fruticosa 41117 cross. Of 15 STS primers pairs, SHPALF2/R2, SHST2F3/T2R16 and SHST1F3/T1R3 clearly demonstrated that 41117A line was closer to population as SHPALF2/R2 showed absence of a 480-bp fragment in S. fruticosa 41117 and present in other two parents i.e., S. scabra cv Seca and S. fruticosa 41117A and 78 F 2 plants tested whereas rest two primer pairs amplified a fragment of smaller size in 41117 only. Though most of the STS primer sequences used were derived from S. scabra cv Fitzroy and S. hamata cv Verano, the level of reaction in S. fruticosa accessions indicated low genome specificity of STS primers and hence low level of genetic divergence in different species of Stylosanthes. Results also provided the list of potential STS and RAPD primers could be used in studying the genetic relationships among S. fruticosa accessions, which is the only species of the genus Stylosanthes native and endemic to the southern peninsular regions of India, for plant conservation and breeding programs.
The genus Stylosanthes (Fabaceae) has been estimated to consist of about 40 species based on morphological characteristics (Kirkbride and de Kirkbride 1985) . In early seventies this legume was introduced in India largely from Australia and South America. It is nutritive forage for animals, improve soil fertility and as pioneering colonizers reclaim degraded land (Chakraborty et al. 1998 , Chandra et al. 2006 . However, anthracnose disease caused by Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. limits their production, utilization and persistence worldwide (Chakraborty et al. 1998) . Among many species, S. scabra is most extensively used species and few cultivars of this species have still maintained acceptable resistance to anthracnose (Edye 1987 , Chakraborty et al. 1996 . It is an allo-tetraploid (2nϭ4xϭ40) and self pollinating species with an out-crossing rate of 1-2% (Stace 1982) . Stylosanthes fruticosa Alston synonyms Stylosanthes flavicans Baker, Stylosanthes mucronata Wild, Stylosanthes bojeri Vogel and Arachis fruticosa Tetz. This is commonly known as African stylo and amenable to stable mixture with perennial grasses such as Andropogon gayanus and Heteropogon contortus. In areas protected from grazing and intermittently mown, it generally forms dense sward. Though in India the largest collections of S. fruticosa accessions is maintained at Indian Grassland and Fodder Research Institute (IGFRI), Regional Research Station (RRS), Dharwad, the molecular characterization to maintain identity and purity for proper conservation and management for better use in breeding and proprietary reasons have not been attempted primarily due to non-availability of selected primers. Kazan et al. (1993) have reported that inter-specific crosses may be a better vehicle for the construction of map in Stylosanthes since genetic variation based on RAPD analysis in agronomically important species of Stylosanthes indicated low level of polymorphism within each species. Additionally, the level of intra-specific variation detected on normal agarose gels of STS markers among 12 species of Stylosanthes have been reported to be only 3.8% (Liu et al. 1996) . However, the greatest intra-specific variation as observed between S. guianensis cv Oxley and other accessions of species, but sterility in this cross generated problem for linkage analysis (Kazan et al. 1993) . Keeping the aim to develop genetic map and to identify molecular markers linked to anthracnose resistance gene (s) inter-specific crosses were preferred. The population in question is made using S. scabra cv Seca and S. fruticosa as parents where inter-specific F 1 s were cytologically normal.
The aims of the present study were: (1) to assess the level of polymorphism in 2 dominant accessions of S. fruticosa, possibly used in generating the F 2 population, and to identify STS primers to be used in genetic analysis of native S. fruticosa germplasm, and (2) to examine and identify the accession of S. fruticosa which is closely related to F 2 mapping population being used to develop genetic map. In light of frequent occurrence of crossing over, identification of actual accession of the used species is necessary to visualize and score the segregating DNA fragments and also to phenotype it for anthracnose disease. The indigenous collections of S. fruticosa has shown morphological diversity with reference to its habitat and therefore the information generated from the present study will be extendable to available germplasm which would provide new dimensions to study the resistance pattern to anthracnose in Stylosanthes. This is important because this only species of Stylosanthes is native to this country. Sequence-tagged-sites (STS) marker has been emphasized to be very useful in applications such as inter-specific introgression studies and comparative mapping experiments (Devos et al. 1995) especially when genome specificity of marker is low as in case of Stylosanthes (Liu et al. 1996) , as well as versatility and easiness to perform random amplified polymorphic DNA (RAPD) markers analysis, hence, these 2 markers were selected for the present study.
Materials and methods

Genetic stocks and isolation of DNA
Seedlings of two parents namely S. fruticosa (accessions 41117A and 41117) and S. scabra cv Seca (EC440679) as a anthracnose susceptible and resistance parents respectively were raised in nursery. Along with 130 F 2 of the cross of S. scabra cv SecaϫS. fruticosa were raised. For RAPD and STS analysis, out of 130 F 2 78 individual F 2 plants were used in the present investigation. DNA was extracted from 4 weeks old seedlings following the method of Liu and Musial (1995) . RNA was removed by incubating with final concentration of DNA in 10 mg/ml RNase A for 30 min at 37°C. The DNA concentration was then determined by electrophoresis on 0.8% agarose gels followed by ethidium bromide staining where comparison were made to standard DNA ladders.
RAPD methodology
PCR amplification for RAPD were performed in a volume of 20 ml containing 67 mM TrisHCl (pH 8.8 at room temperature), 16.6 mM (NH 4 ) 2 SO 4 , 0.45% (v/v) Triton X-100, 200 mg/ml BSA, 3 mM MgCl 2 , 175 mM of each dNTP, 7.5 pM of primer, 0.75 unit of Taq DNA polymerase (Bangalore Genei, India) and 25 ng of genomic DNA. A control PCR tube containing all components, but no template, was run with each primer to check for contamination. DNA amplification was carried out in a MJ Research PTC-200 thermocycler (Waltham, USA) with the following reaction conditions: 40 cycles of 94°C/1 min, 37°C/1 min, 72°C/2 min and 72°C/10 min final extension. RAPD analysis was performed using 64 oligonucleotide primers obtained from Operon Technologies, Alameda (USA). Most of the primers used were known to generate clear banding patterns in Stylosanthes (Liu and Musial 1997) . Using these primers initially DNA of few F 2 plants were used and after preliminary tests reaction was extended with 78 F 2 . Care was also taken in repeatable patterns with primers and various primers were excluded when not performed well. Amplification products were analyzed by gel electrophoresis in 1.6% agarose in 0.5ϫTBE buffer and visualized by staining with ethidium bromide and photographed under UV radiation with Polaroid film 667. The Bangalore Genei 100 bp DNA ladder was used to estimate the molecular weights of the DNA fragments separated on gels.
STS methodology
Fifteen STS primer pairs used in the present investigation were primarily derived from the Pst1 clone obtained from S. scabra cv Fitzroy and S. hamata cv Verano (Liu and Musial 1995) as well as different coding and non-coding regions of gene sequences (Curtis et al. 1995 , Smith et al. 1995 , Reddy et al. 1996 , Vander Stappen et al. 1999 . The OLIGO (version 3.0) computer program was used to select the optimal oligonucleotide for STS primer pairs as described by Liu et al. (1996) . An oligonucleotide was selected only when its Tm was greater than 50°C and when its 3Ј terminus was not complementary to itself or to the other primer with which they form a pair. Primers were synthesized by Sigma Genosys Company according to the sequences by Musial (1995) and Vander Stappen et al. (1999) .
The polymerase chain reaction (PCR) amplification for STS loci followed the procedure described by Liu et al. (1996) with modification in genomic DNA concentration and inclusion of primer extension step for 5 min as a last step of amplification. The total reaction volume was 25 ml, which contained 78.2 mM Tris-HCL (pH 8.8), 19.4 mM (NH 4 ) 2 SO 4 , 0.53% (v/v) Triton X-100, 233 mg/ml BSA, 5.8 mM MgCl 2 , 130 mM dNTPs, 0.3 mM of primers, 1.2 unit of Taq DNA polymerase (Bangalore Genei, India) and 25 ng of genomic DNA templates. The reactions were overlaid with mineral oil. The PCR protocol was as follows: 32 cycles of 94°C/60 s, 55°C/60 s, 72°C/90 s; one cycle at 72°C/5 min; and 4°C soak in an MJ Research PTC-200. Amplification products were separated on 1.8% agarose gels in 0.5ϫTBE buffer and visualized by staining with ethidium bromide.
Scoring of RAPD bands
Data (i.e. STS and RAPD bands) were scored using 1 to indicate presence and 0 to indicate absence of a band. Only clearly visible and thick bands present in replicated PCR were considered. In F 2 segregating population bands were scored as presence or absence depending on whether the same band is present or absent in parents.
Results and discussion
In total 64 random primers were tested to amplify the DNA of both accessions of S. fruticosa (41117 and 41117A) as well as the other parent i.e. S. scabra cv Seca. Of these, 13 primers (OPU17, OPV12, OPC9, OPJ13, OPP4, OPB8, OPB18, OPH12, OPAH5, OPT6, OPAH17, OPAH9 and OPAH10) did not produce any polymorphic band. Primer OPI6 produced highest 14 bands whereas 3 bands were produced by OPN1, OPC9, OPH12 and OPAH10. The total RAPD bands detected between the two accessions were 469, of which ninety (19.2%) were polymorphic. The maxi-2007 mum number of polymorphic bands scored was four obtained with OPAE3, OPAH3, OPE20 and OPO6 primers. Table 1 indicated the differing reaction behaviors of the primers. The maximum numbers of primers were those have produced fragments in S. fruticosa 41117A and not in other accession i.e. 41117 as well as second parent used in making the cross i.e. S. scabra cv Seca. Such band (s) produced by many primers only with accession 41117A were observed segregating in F 2 progeny. Primers like OPAF17, OPE11, OPAH3, OPZ17, OPAH5, OPP15, OPAB20, OPA11, OPU9 and OPAC14 generated fragments specific to 41117 accession that did not segregate in F 2 progeny. Similarly, primers OPD16, OPM19, OPO6, OPR4, OPQ17, OPS1, OPAG13, OPP6 and OPAD4 generated a fragment of similar size in 41117A, S. scabra cv Seca and all F 2 plants tested but not in 41117 accession (Fig. 1) .
Using the PCR conditioned described all 15 STS primer pairs successfully amplified DNA products from two accessions of S. fruticosa, S. scabra cv Seca and 78 F 2 plants. Of the total 59 fragments, 6 (10.1%) were polymorphic. Three primer pairs produced single band whereas maximum number of bands amplified was nine (Table 2) , with an average of 3.9 patterns detected per primer pairs. Of the 15 primers pairs used, each of 6 pairs generated one polymorphic band. Primer pair SHPALF2/R2 showed absence of a 480-bp fragment in S. fruticosa 41117 whereas present in other accession of it (41117A) and S. scabra cv Seca parent as well as 78 F 2 plants tested. Primers pairs SHST2F3/T2R16 and SHST1F3/T1R3 amplified a fragment specifically in 41117A only. Additionally, SHST1F3/T1R3 primer pairs clearly demonstrated segregation of 2 bands contributed 1 each by S. fruticosa 41117A and S. scabra cv Seca (Fig. 2) . As previously described primer pair SHST3F3/R3 amplify 2 fragments from tetraploid and a single fragment or no product from a diploid species (Liu et al. 1996) , as expected all 78 F 2 plants tested and two accessions of S. fruticosa and S. scabra cv Seca produced two fragments (Fig. 2) . Primer pairs SHST3F1/T3R18 and SHPALF2/R2 generated 7 and 9 fragments respectively but signals of all the fragments were intense in case of former.
Genetic markers based on PCR analysis appears to be useful, apart from genetic relationships among accessions, in identifying the accession more closely resembles to the genetic stock especially when used parents have high percentage of out-crossing possibility as the case here with S. fruticosa. This is more precisely required when the genetic stocks is employed for identification of QTLs for agronomical important traits (phenotypic data). Previous reports have indicated the use of STS in studying the genetic relationship and progenitor identification due to the additive nature of the marker (Vander Stappen et al. 1999) .
The RAPD fragments generated by primers as mentioned in Table 1 , were present in 41117A accession only segregated in form of presence and absence of bands indicated that 41117A is responsible for the presence of this fragment in progeny. Fragments generated by 41117A with primers OPB11, OPQ03, OPR06, OPV06, OPE20, OPC08 and OPK19 segregated in F 2 progeny. In some of the F 2 progeny RAPD fragment specific to 41117 was seen in form of very faint band though with parent (41117) same fragment was seen as intense band. This is observed in repeated PCR reaction performed in similar reaction mixture conditions, parents and F 2 progeny DNA. Some of fragments that have not segregated in F 2 progeny but present in both 41117A and S. scabra cv Seca parents and absent in 41117 accession (Fig. 1) supports that 41117 was not as closer to progeny as 41117A accession. Liu et al. (1996) SsCS247P1/SsCS247P2 F: CCAGATTGGGTTCGGATTCG R: GAGAAACAGATGGCATCAGA 5 A 300-bp band absent Liu et al. (1996) in 41117A SsCS268P1/SsCS268P2 F: CAGCGGGTGGAGAAAAGAAG R: AGGAACAAGTGCTGAAGAATAATG 5(1) A 800-bp band absent Liu et al. (1996) in 41117
SsCS284P1/SsCS284P2 F: TCCGAAAAACCAGACACAGG R: AAGGTCTGCCATGGTATTGT 2 Present in both accessions Liu et al. (1996) SsCS4P1/SsCS4P2 F: ACAAGGTCCAAGAGAGCAAC R: ACATTTCTTTCCTCCACAGC 5(1) A 890-bp band absent Liu and Musial (1997) in 41117 and S. scabra cv Seca SsCS15P1/SsCS15P2 F: GGTCCTCCAATAGAAACTGC R: GCTACCTGGGCTTTTGGC 1 Present in both accessions Liu et al. (1997) SHST3F1/SHST3R18 F: TAACTCTTGCCAGCCTCA R: CTGCACCTGCCATGAATCCCAC 7 Present in both accessions Smith et al. (1995) SHST3F3/SHST3R3 F: GGTTAACATAATAAAGCATG R: GTCTTGTAAACAATTCCAAGC 2 Present in both accessions Smith et al. (1995) SHST2F3 / Reddy et al. (1996) in 41117 SHCAPEF3/SHCAPER3 F: TCCAGTGGCCAGATTAGGAC R: CCACCACAGTTTATGAGAGG Though STS primers used in the present investigation derived from the sequence of other species and cultivars of Stylosanthes, a reasonable number of fragments (59) amplified by 15 primers pairs in the present investigation supported the findings reported earlier that a low level of genome specificity of its STS. Exploiting this behavior, STS primers were used in the present study indicated closeness of used F 2 genetic stock with S. fruticosa 41117A. Two primers pairs SHST2F3/T2R16 and SHST1F3/T1R3 generated a fragment only present in 41117 accession of S. fruticosa further supported that this accession was not closely resembles to the progeny. Segregation of 2 fragments in F 2 obtained from SHST1F3/T1R3 primer pairs not only convincingly demonstrated S. fruticosa 41117A is closer to F 2 but also emphasizes the use of STS generated from the sequence information of related species in identifying markers for development of linkage map.
Although only 2 accessions of S. fruticosa was used in the present investigation, the number of fragment as high as nine by a STS primer pairs provided the opportunity to be used in genetic relationship study of native S. fruticosa accessions. But at the same time the percentage of polymorphism as observed only 10.2% made us cautious about suitability of such primers, if used alone, in such study. Unlike SSRs, which targets highly variable sequences of a genome, STSs are non-selective and amplify random sequences with respect to the level of polymorphism. Some of the primer pairs i.e. SsCS268P/P2 and SHST2F3/R16 though failed to detect differences among accessions of S. sp. aff. S. scabra and S. viscosa (Liu and Musial 1997) , showed polymorphism among 2 accessions of S. fruticosa in the present study.
The level of polymorphism with RAPD markers between 2 accessions of S. fruticosa in the present study was 19.2% which is in the range of polymorphism (0-25%) reported within each species of S. scabra, S. humilis, S. guianensis and S. hamata (Kazan et al. 1993) . Among these the most homogeneous species group was S. hamata with a 1-F value only 0.05 whereas most divergent was S. guianensis having 1-F value of 25% (Kazan et al. 1993) . The low level of polymorphisms as observed in accessions of the species may partly be due to the predominantly self-pollinated nature of the species. Stace (1982) reported only 1-2% out-crossing in S. scabra, but in S. guianensis it varied from 1.6 to 21.9% (Cameron and Irwin 1986) . The level of polymorphism observed in S. fruticosa accessions in the present study supports the view that a reasonable level of out-crossing takes place in this species. These results agree with other studies correlating increased genetic diversity with higher out-crossing rates (Miller and Tanksley 1990) .
Results indicated usefulness of the selected primers in studying native S. fruticosa population endemic to southern peninsular regions of India (Hooker 1879) . The specific use of STSs would be to search for the genetic origin of the Indian S. fruticosa, if required by combining the cytogenetic analysis. This will be useful in developing the plant breeding strategies of the currently available and unexplored species/lines including more descriptive understanding of important genetic relationships.
